Objective. The aim was to investigate the link between air temperature and number of deaths in all 47 prefectures of Japan.
M
any studies have discussed how environmental factors such as humidity, daylight hours, rainfall and air pollution are associated with number of deaths. It is also well known that air temperature is significantly associated with number of deaths [1] . We have previously reported that higher air temperature was closely associated with higher ambulance transports and number of deaths, in August 2009 and 2010 [2, 3] . The correlation coefficient between number of deaths and mean air temperature was 0.417 by single regression analysis [4] . Furthermore, in Japan, lower air temperature was associated with a higher number of deaths in Sakata [5] , Takamatsu [6] and Asahikawa [7] , using monthly data. These studies were evaluated monthly data and/or a limited number of places in Japan, so the link between air temperature and number of deaths using monthly data in all 47 prefectures of Japan was unknown.
Therefore, we evaluated these associations using monthly data for 10 years in all 47 prefectures of Japan by ecological study.
Methods

Number of deaths
Monthly deaths in each of the 47 prefectures for the study period (January 2005 to December 2014) were obtained from each prefectural government . To adjust for population differences, the monthly population data of each prefecture for the same period were also used for analysis (Table 1) .
ResULts
Number of deaths and climate parameters were summarized in Table 1 . The number of deaths was 2.4±0.4 (per hundred thousand people) and mean air temperature was 15.5±2.3¯C (Table 1) .
Comparisons between the number of deaths and mean air temperature by month are shown in Table 2 . The number of deaths was highest in January excluding Saitama (February), Kochi (February) and Shizuoka (December). The number of deaths in January was significantly higher than those in other months (excluding February). The number of deaths in February was also significantly higher than in March, April, June, July, August, September and October. While number of deaths was lowest in June (24 prefectures), July (18 prefectures), August (2 prefectures), September (2 prefectures) and April (1 prefecture). The mean air temperature was highest in August (excluding Okinawa: July) and lowest in January.
The relationship between the number of deaths The correlation coefficients between number of deaths and mean air temperature by second-order polynomial regression analysis were higher than those by single linear regression analysis in each prefecture, except Akita. Therefore, a U-shaped relationship between number of deaths and mean air temperature was noted in almost all of the 47 prefectures of Japan. In addition, the number of deaths was significantly correlated with other climate parameters such as mean of highest air temperature, mean of lowest air temperature, highest air temperature and lowest temperature (r > 0.6). The number of deaths was weakly correlated with mean humidity, lowest humidity, daylight hours and total rainfall (r < 0.4) ( Table 4) . Finally, we deduced optimal air temperature using second-order polynomial regression analysis. In 10 prefectures, optimal air temperature was higher than the highest data of mean air temperature, therefore, 37 of 47 prefectures were used for the calculation of optimal mean air temperature. The results are showed in Table  5 . Optimal air temperature was estimated as 17.0 to 28.9 ¯C, and the estimated number of deaths was 1.7 to 2.7 per hundred thousand people. However, there was no significant correlation between number of deaths and optimal air temperature (r= -0.0048).
discUssion
The main finding of this study was that mean air temperature was significantly correlated with the number of deaths by second-order polynomial regression analysis in all 47 prefectures of Japan.
In this study, we evaluated the number of deaths and mean air temperature by month. A relationship between low air temperature and mortality has been reported in some studies. Analitis et al. [103] reported that a 1¯C decrease in temperature was associated with a 1.35% increase in the daily number of total natural deaths and a 1.72%, 3.3% and 1.25% increase in cardiovascular, respiratory and cerebrovascular deaths, respectively. Wanitschek et al. [104] reported that the average temperature increase of 7.5 ¯C from a cold (2005/2006) winter to a warm (2006/2007) winter was associated with a decrease in acute coronary angiographies. Ou et al. [105] showed that in a subtropical city, (Guangzhou, China) the mortality rate in winter was 26% higher than the average rate in other seasons. Zeka et al. [106] found that the impact of cold weather in winter persisted for up to 35 days, with a cumulative mortality increase for all-causes of 6.4%, in relation to every 1¯C drop in daily maximum temperature. Also in Japan, the occurrence of acute myocardial infarction was associated with low air temperatures, especially with a daily average temperature lower than 10¯C [107] . Tanaka et al. [108] found that the lower mortality from ischemic heart disease and cerebrovascular disease in Okinawa was affected by Okinawa's higher temperatures compared with Osaka's in winter. In addition, we reported that lower air temperature was associated with a higher number of deaths in Sakata [5] , Takamatsu [6] and Asahikawa [7] .
However, the month of the highest air temperature did not exactly matched with the month of the lowest number of deaths. In some studies, a relationship between higher air temperature and heat stroke was reported. Nakai [109] reported that in the environmental conditions at the time of the heat disorders observed in daily life and labor groups, the incidences were observed at a higher range than 30¯C(dry-bulb temperature), 23¯C(wet-bulb temperature) and 27¯C(web bulb globe temperature). Hoshi [110] reported that prefecture-specific differences in mortality and age-adjusted mortality rates due to heat disorders were considered attributable to differences in the summer-time heat environment and/or the intensity of heat waves. We also reported that higher air temperatures were closely associated with higher numbers of ambulance transports stratified by heat stroke in August 2009 in all 47 prefectures of Japan [111] . Nevertheless, it should be emphasized that lower air temperature is associated with higher numbers of deaths. Next, we deduced optimal air temperature using secondorder polynomial regression analysis. Some plausible reasons for this are socio-economic status, air-tight housing, air-conditioner, and so on [112, 113] . Our study showed the optimal air temperature was estimated as 17.0 to 28.9¯C, and the estimated number of deaths was 1.7 to 2.7 per hundred thousand people by second- order polynomial regression analysis for 37 prefectures. It is not clear why the optimal air temperature varies according to prefecture. As shown in several studies, which have reported a V-shaped relationship between air temperature and mortality rates, mortality rates were higher when air temperature was lower, or higher, than optimal air temperature. Rogot [114] reported that mortality rates were higher when mean air temperature was lower or higher than 15.6-26.6¯C. Kunst et al. [1] reported that death rates become progressively higher when the outdoor air temperature rises above, or falls below, 20-25¯C. In Japan, Honda et al. [115] reported that death rates become progressively higher when the outdoor air temperature rises above, or falls below, 28-33¯C in the Kyushu region of Japan. They also reported that a daily maximum air temperature between 80 and 85 percentiles of the daily maximum is the best climate index for estimating optimal temperature in Japan [116] . We also investigated some studies, such as Kataoka et al. [7] , Dokai et al. [6] and Miyatake et al. [117] , using quadratic curves analyses. Our study is consistent with earlier studies showing U-shaped relationships between the parameters of air temperature and number of deaths. Taken together, we confirmed that lower air temperature brings an increase in number of deaths. Thus, with global warming, as the air temperature of winter may rise, we may suppose that the number of deaths may decrease in the future. Furthermore, rising air temperatures may bring increasing numbers of deaths in summer. Antonio et al. [118] reported that more air temperatureattributable deaths were caused by cold (7.29%) than by heat (0.42%), and the number of deaths overall would decrease. However, due to the aging progress, the number of deaths may increase. In addition, we must also consider an increase in number of deaths caused by outbreaks of influenza in winter [119] . There are still some limitations in this study. First, this study was an ecological study. We could not obtain personal data of deaths. Second, a detailed daily and individual (i.e., age and sex) data of death could not be obtained and analyzed in this study. Third, we could not examine other factors causing death. Fourth, our study used the air temperature obtained from the Japan Meteorological Agency. We can control room air temperature by some methods such as air conditioner and clothing. Therefore, we should clarify the individual data and other factors of death. Nevertheless, in this study, the optimal air temperature was estimated as 17.0 to 28.9¯C, and the estimated number of deaths was 1.7 to 2.7 per hundred thousand people. Our results support some studies that the optimal air temperature corresponds to the lowest numbers of death.
In conclusion, our indicates that a lower air temperature was closely associated with a higher number of deaths, and there is a U-shaped relationships between the parameters of mean air temperature and the number of deaths were found by, which was obtained by using a second-order polynomial regression analysis.
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